JC virus (JCV) was first isolated by Padgett et al. (35) from the affected brain tissue of a patient with a fatal demyelinating disease of the central nervous system known as progressive multifocal leukoencephalopathy (PML). JCV is a member of the polyomavirus genus of the papovavirus family (37) and is closely related to simian virus 40 (SV40) and BK virus (BKV), the other polyomavirus infecting humans (14) .
Serologic studies have shown that most humans are asymptomatically infected with JCV in childhood (33, 34) . JCV which enters individuals as a primary infection is not completely cured by an immune response and persists in renal tissue throughout life, as shown by several types of evidence. In earlier studies, JCV was frequently detected in the urine of immunocompromised patients, whereas it was rarely detected in the urine of immunocompetent individuals (7) . From this observation and the finding that JCV DNA was present in normal renal tissue (11) , it was thought that JCV persists in renal tissue in a latent form. However, by using more sensitive methods, we showed that JCV DNA is frequently excreted in the urine of adults without obvious immunodeficiency (22, 23) . In addition, we have recently demonstrated that renal JCV represents that which persisted after a primary infection (24) .
We molecularly cloned urinary JCV DNAs from two healthy individuals and eight nonimmunocompromised patients (46) . The basic structures of the regulatory regions of the cloned DNAs were identical, and the regulatory regions with this structure were thus designated the archetype. JCV DNAs in normal renal tissue also carry the archetype regulatory region (26, 42) . Archetype JCV DNAs have been found in the urine of various individuals from around the world (1, 4, 13, 17, 28, (44) (45) (46) . It was thus thought that archetype JCVs represent JCVs that circulate in the human population (46) . (In normal hosts, JCV may also exist in sites other than renal tissue. Indeed, JCV has been recovered from lymphocytes of individuals without PML [reference 15 and references cited therein]. However, the structures of the JCV regulatory regions derived from lymphocytes have rarely been elucidated.)
Before the isolation of archetype JCV DNA from urine, it had been found that regulatory regions (designated PML type) from the brains of PML patients are hypervariable (26, 29, 31) . It has been proposed that these PML-type JCVs were generated from archetype JCV strains in the course of persistence in patients (3, 9, 20, 21, 45, 46) .
To our knowledge, tissue cultures that support the efficient growth of archetype JCV have not been reported. The lack of appropriate tissue cultures to propagate archetype JCV has greatly hampered biological studies of archetype JCV. Daniel et al. (12) recently reported that a low level of JCV replication, detectable by faint hybridization signals, was induced after the transfection of POJ cells with an archetype JCV DNA (POJ cells are primary human fetal glial cells transformed by an origin-defective mutant of JCV [27] ). In this paper, we report that (i) various archetype JCV DNA clones can initiate efficient viral replication in COS-7 cells, which are simian cells constitutively expressing SV40 T antigen (16) ; (ii) the arche-type regulatory region is conserved during the growth of JCV in COS-7 cells; and (iii) archetype JCV in urine can be isolated by using COS-7 cells.
MATERIALS AND METHODS
Cell lines. COS-7 and CV-1 cells were obtained from the RIKEN Cell Bank (Tsukuba Science City, Japan). COS-7 is a derivative of CV-1 (a cell line established from the kidney of an African green monkey) that was transformed with an origin-defective mutant of SV40 (16). Dulbecco's modified Eagle medium (DMEM) supplemented with kanamycin (50 g/ml), amphotericin B (Fungizone) (0.6 g/ml), and fetal bovine serum (FBS) (10%) was used as maintenance medium for both cell lines.
JCV DNA clones. The origins of the recombinant JCV DNAs used in this study are shown in Table 1 . The JCV DNAs that had been cloned at the BamHI site within the T-antigen gene were recloned at the EcoRI site within the VP1 gene. The recombinant plasmids were prepared by using the Wizard Midipreps DNA Purification System (Promega Corporation, Madison, Wis.) and then purified by centrifugation to equilibrium in CsCl-ethidium bromide gradients.
Urine samples and their fractionation. Urine samples were collected from six JCV-positive volunteers or patients without PML who participated in previous studies (23) . These were U1 (male, 78 years old), U2 (male, 67 years old), U3 (male, 83 years old), U4 (male, 61 years old), U5 (male, 55 years old), and U6 (male, 79 years old).
The urine samples were fractionated by centrifugation as described previously (22) within the day when they were collected from the donors. Briefly, by centrifugation at 1,500 ϫ g for 20 min at 4°C, urine was fractionated into the urinary sediment and supernatant, containing cell-associated and cell-free JCVs, respectively. The urinary sediment was resuspended in 1 ml of phosphate-buffered saline (PBS), sonicated at 200 W for 3 min, and sedimented at 1,500 ϫ g for 10 min. The resultant supernatant was divided into aliquots and stored at Ϫ80°C to be used for the infection of COS-7 cells. The urinary supernatant was centrifuged at 100,000 ϫ g for 3 h at 4°C. The pellet was resuspended in 1 ml of PBS, sonicated, and stored as described above.
Transfection. The recombinant JCV DNA clones were excised with EcoRI, and linear JCV DNAs were recovered by phenol extraction followed by ethanol precipitation. Cells (1 ϫ 10 5 to 1.4 ϫ 10 5 ) were plated on a 35-mm-diameter dish and cultured overnight in the maintenance medium. Two microliters of Lipofectamine (Life Technologies, Gaithersburg, Md.) was diluted with 100 l of DMEM, mixed with 100 l of DMEM containing 1 g of linear JCV DNA, and left standing at room temperature for 40 min (endonuclease-cleaved linear viral DNA can be recircularized after transfection [10] ). After the addition of 800 l of DMEM, the Lipofectamine-JCV DNA mixture was loaded onto cells grown on a 35-mm-diameter dish (see above). The cells were cultured at 37°C for 5 h, and the medium was then replaced with the maintenance medium. After the cells were incubated for 2 days, they were transferred to a 50-ml flask. The cells were then continuously cultured in the maintenance medium with transfer at a split ratio of 1:5 every 3 or 4 days.
Infection. COS-7 cells (1.5 ϫ 10 5 ) were plated on a 35-mm-diameter dish and cultured overnight in the maintenance medium. Two hundred microliters of a urine fraction containing either cell-associated or cell-free JCV (see above) was mixed with 400 l of DMEM and added to cells on a 35-mm-diameter dish (see above). After adsorption for 2 h, the medium was replaced with the maintenance medium. The cells were incubated for 2 days and then transferred to a 50-ml flask. Subsequently, the cells were continuously cultured in the maintenance medium with transfer at a split ratio of 1:5 every 3 or 4 days.
The infection with JCV recovered from transfected COS-7 cells was performed as follows. Transfected cells grown on 100-mm-diameter dishes were washed once with PBS, resuspended in PBS, and lysed by sonication at 200 W for 3 min. The cell lysate was diluted with DMEM to a concentration of 1.6 hemagglutination (HA) units (HAU) per ml (see below), and 0.5 ml was used to infect cells. The procedures for infection and subsequent passage of cells were as described above.
To characterize the one-step growth of JCV in COS-7 cells, 5 ϫ 10 5 COS-7 cells were plated on a 50-ml flask and cultured overnight in the maintenance medium. A virus stock derived from the urine-infected COS-7 cells was diluted with DMEM to concentrations of 1.2, 12, and 120 HAUs per ml, and 0.5 ml was used to infect the COS-7 cells as described above. After adsorption for 2 h, the cells were twice washed with DMEM and cultured in DMEM supplemented with 2% FBS. The cells received a medium change on the third day. On various days after infection, cells were harvested and processed for the assay of the output HA as described above. HA assay. Confluent cells in a 50-ml flask were washed once with PBS, resuspended in 1 ml of PBS, and lysed by sonication at 200 W for 3 min. The lysate was treated with 0.1 mg of neuraminidase (type V; Sigma Chemical Co., St. Louis, Mo.) per ml at 37°C overnight, incubated at 56°C for 30 min, and centrifuged at 2,100 ϫ g for 5 min. The resultant supernatant was serially diluted with PBS and assayed for HA by using human type O erythrocytes as described previously (33) . The HA titer was defined as the reciprocal of the greatest dilution of the virus suspension with which complete HA was observed.
Indirect immunofluorescence assay. Infected cells were plated onto 13-mmdiameter coverslips. The medium was removed 3 or 4 days later, and the cells were washed with PBS and then fixed with acetone at room temperature for 10 min. The fixed cells were incubated for 1 h at 37°C with a 1:500 dilution, in PBS, of the rabbit antiserum JCAb1 (6), followed by incubation for 1 h at 37°C with fluorescein-conjugated goat immunoglobulin G fraction to rabbit immunoglobulin G (Cappel, Cochranville, Pa.). JCAb1 is an antibody raised against a peptide of JCV capsid protein (VP1) and lacks cross-reactivity to BKV as well as to SV40 (reference 6 and unpublished data).
Extraction of viral DNA. Viral DNA was extracted from confluent cells on a 100-mm-diameter dish by the Hirt method (18) . The final ethanol precipitate was dissolved in 50 l of distilled water. Viral DNA in urine was extracted as described previously (22) .
PCR. JCV regulatory regions were amplified by using B1 and B3 as primers (39) , and the VT-intergenic regions (IG regions) (8) were amplified by using P1 and P2 (25) . (The IG region was previously established as a region of the JCV genome that contains abundant type-determining sites [8] .) The total reaction volume of 50 l contained 1.25 U of KOD polymerase (Toyobo Co., Osaka, Japan), 200 M each deoxynucleoside triphosphate, 10 mM Tris-HCl (pH 8.0), 1 mM MgCl 2 , and 0.25 M primers. The cycle profile was 94°C for 30 s, 50°C for 30 s, and 74°C for 60 s. The amplification of the viral sequences in COS-7 cells was performed with 20 cycles in a thermal sequencer (Iwaki Glass Co., Tokyo, Japan) with 100-times-diluted sample DNAs, whereas the amplification of urinary viral sequences was performed with 50 cycles and undiluted sample DNAs.
Cloning of PCR products. The amplified fragments were digested with a combination of HindIII and PstI, which excises a fragment containing both the origin of replication and the regulatory region. The digested fragments were ligated to HindIII-and PstI-digested, alkaline phosphatase-treated pUC19 and used to transform competent Escherichia coli HB101 cells (Takara Shuzo Co., Kyoto, Japan). (36) .
Restriction fragment length polymorphism. Restriction enzymes were obtained from Takara Shuzo Co. (HincII, HindIII, and PstI) and from Toyobo Co. (BamHI). Double digestion with HindIII and PstI was performed at 37°C in 50 mM Tris-HCl (pH 8.0)-10 mM MgCl 2 -50 mM NaCl supplemented with 0.1 mg of bovine serum albumin per ml. Double digestion with BamHI and HincII was performed at 37°C in 50 mM Tris-HCl (pH 7.5)-10 mM MgCl 2 -1 mM dithiothreitol-100 mM NaCl supplemented with 0.1 mg of bovine serum albumin per ml. Digests were analyzed by electrophoresis on 1.5% agarose gels stained with ethidium bromide.
Sequencing of the regulatory region. Representative recombinant plasmids were prepared by using the Wizard Midipreps DNA Purification System (Promega) and sequenced by using an AutoRead sequencing kit and an ALFred DNA sequencer (Pharmacia-LKB, Uppsala, Sweden).
Sequencing of the complete JCV DNA. A recombinant plasmid containing the complete JCV DNA was prepared as described above and sequenced by using an AutoCycle sequencing kit and an ALFred DNA sequencer (Pharmacia-LKB). The primers described by Agostini et al. (2) were used. The determined sequence was compared to the complete coding sequences of three JCV strains, 225 (L-254), 226 (L-264), and 228 (L-270) (GenBank accession numbers AF015530, AF015531, and AF015534, respectively) (5).
Nucleotide sequence accession numbers. The DNA sequence data reported here have been deposited in the GSDB, DDBJ, EMBL, and NCBI nucleotide sequence databases with accession no. AB008765 (dp-1, regulatory region), AB008766 (U1, IG region), AB008767 (U2, IG region), AB0087688 (U4, IG region), AB008769 (U5, IG region), and AB008770 (U6, IG region).
RESULTS

Induction of efficient JCV replication by transfection of COS-7 cells with cloned archetype JCV DNAs.
On the basis of phylogenetic analyses, the archetype JCV DNAs in Europe, Africa, and Asia are classified into nine subtypes that occupy unique territories in the Old World (40) . Clones (MY, CY, C1, SP-1, GH-1, and ZA-1) belonging to six subtypes (Table 1) and a PML-type clone (Mad-1) were excised from the vector and introduced into COS-7 cells by using Lipofectamine (an endonuclease-cleaved linear viral DNA can be recircularized after transfection [10] ). The transfected cells were grown in the maintenance medium and serially transferred at a split ratio of 1:5 every 3 or 4 days. On day 10, cytopathology (rounding of the cells) started to appear in the cells transfected with all clones except GH-1. Cells were harvested on days 7, 14, 21, 26, 28, and 35 after transfection and assayed for HA as described in Materials and Methods. The data ( Table 2) can be summarized as follows. In the archetype-transfected cultures, except those transfected with GH-1, HA began to be detected on day 14 or 21 and reached the highest titers on day 28. The HA titers decreased remarkably on day 35 in most of the transfected cells, probably because of the detachment of infected cells from the surfaces of the culture flasks.
In three independent experiments, COS-7 cells were transfected with the same set of JCV DNA clones as described above, and the transfected cells were processed as described above. We repeatedly detected the production of HA in all of the transfected cells except those transfected with GH-1, although the days when HA was first detected varied among the experiments. These results indicated that various archetype JCV DNAs can induce the efficient growth of JCV in COS-7 cells.
In cells transfected with Mad-1, HA appeared as early as in the archetype-transfected cells, but the HA titers in these cells remained at a medium level between days 21 and 28 (Table 2) . This is probably because the detachment of infected cells occurred earlier in the Mad-1-transfected cells than in the archetype-transfected cells.
The GH-1-transfected cells continued to be cultured until 72 days, but they did not exhibit any detectable HA. Three other clones belonging to the Af1 subtype (GH-2, -3, and -4) (17, 40) were also used to transfect COS-7 cells, but we did not detect any viral growth in the transfected COS-7 cells.
The Af1 clones used have the normal replication origin and typical archetypal regulatory regions (17) . We are currently examining what region of the Af1 genome is responsible for the lack of the capacity to induce viral growth in COS-7 cells.
Various transfected cultures on day 28 (Table 2) , except for the GH-1-transfected cells, were lysed and used to infect fresh COS-7 cells (see Materials and Methods). The infected cells were cultured as described above. All infected cells produced an HA titer of 64 to 128 on day 7 after infection. Thus, the JCV produced after transfection with archetype JCV DNAs can be transferred to fresh COS-7 cells.
CV-1 cells (parental cells of COS-7) not expressing SV40 T antigen were similarly transfected with the same set of JCV DNAs as described above. On various days from 14 to 61 days after transfection, cells were harvested and assayed for HA, but no HA was detected on any day. By using PCR targeting the regulatory region, we also examined the replication of JCV in transfected CV-1 cells, but we detected no JCV replication (data not shown). Therefore, SV40 T antigen is essential for the growth of JCV in COS-7 cells.
Quantitative analysis of the JCV DNAs produced in COS-7 cells. Viral DNAs extracted from cultures 7, 14, 21, or 28 days after transfection were diluted 100-fold and used for the amplification of the JCV regulatory region. Aliquots of the amplification mixtures were electrophoresed on an agarose gel (Fig. 1) . The amounts of amplified fragments from all of the transfected cells except the GH-1-transfected cells increased with the incubation time. In the cells transfected with GH-1, a low level of amplification was seen on day 7, but the amplification ceased on subsequent days. These data indicated that the observed amplification on days 14 to 28 ( Fig. 1) arose from progeny JCVs rather than from transfected JCV DNAs.
By comparing the densities of amplified fragments in the agarose gel for JCV DNAs from COS-7 cells and standard JCV DNAs (Fig. 1) , the yields of JCV DNAs on day 28 were roughly estimated to be 5 to 10 g per 25-cm 2 flask for the transfected cells, except for those transfected with GH-1.
A quantitative discrepancy between the HA (Table 2) and PCR ( Fig. 1 ) data was found. Thus, large amounts of amplified fragments were detected for some transfected cultures (e.g., a Viral DNAs were extracted from transfected COS-7 cells on day 28 and cloned into pUC19 at the BamHI site. Recombinant clones were digested with BamHI and HincII and electrophoresed on 1.5% agarose gels. Changes in fragment size were detected by comparing the fragment pattern of each clone with that of the reference JCV DNA. the day 21 cells transfected with C1 and ZA-1) for which the HA titers were low. Although the reason for this is not clear, we speculate that JCV DNA replication may be enhanced in COS-7 cells transfected with C1 and ZA-1.
Structural analysis of the JCV DNAs that replicated in COS-7 cells. The sizes of the amplified fragments appeared to be identical to that of the fragment amplified from cloned archetype JCV (CY) DNA (Fig. 1) . To confirm this, the fragments amplified on day 28 were cloned into plasmid pUC19, inserts were excised from about 20 recombinant clones, and their sizes were analyzed by agarose gel electrophoresis (data not shown). All clones derived from the same transfected cells were judged to be identical in size. The sequencing of two or three representative clones confirmed that the nucleotide sequences of these clones were identical to those of the corresponding transfected JCV DNAs. We concluded that the archetype regulatory region is conserved during viral growth in COS-7 cells.
From the viral DNAs extracted from various transfected cells on day 28 (Table 2) , complete JCV DNAs were cloned into pUC19 at the unique BamHI site. Sixteen to 23 recombinant clones for each sample were analyzed with a combination of BamHI and HincII (BamHI was used to excise the whole linear JCV DNA from the vector, while HincII was used to cut the linear JCV DNA into four or six fragments, depending on the subtypes [44] ). Typical examples are shown in Fig. 2 . A summary of the result of these analyses is given in Table 3 . Four to 33% of the analyzed clones showed an increase or decrease in the sizes of certain fragments. All of these changes were mapped outside the regulatory region (data not shown).
We determined the complete coding sequence of a JCV DNA clone (clone 11 in Fig. 2 ) derived from the MY-transfected cells. This clone apparently underwent no change throughout the genome (Fig. 2) . The complete coding sequence of clone 11 was compared with the reported sequences of three JCV strains, 225, 226, and 228 (5) (MY, 225, 226, and 228 belong to the same JCV subtype [unpublished data]). We detected only a small number of nucleotide differences (0.5 to 0.6%) between clone 11 and the three JCV strains. Furthermore, we compared clone 11 with SV40; no distinct SV40 DNA segment was found in the complete DNA sequence of clone 11, although many short nucleotide stretches shared by JCV and SV40 (14) were detectable (data not shown).
From these data, it is clear that no recombination event between JCV and SV40 is involved in the efficient replication of the archetype JCV in COS-7 cells.
Recovery of JCV from urine by using COS-7 cells. Urine samples (U1 to U6) were collected from JCV-positive volunteers or patients without PML who participated in previous studies (23) . The urine samples were fractionated by centrifugation (22) . Both cell-associated and cell-free JCVs were used to infect COS-7 cells. The infected COS-7 cells were allowed to grow with passages at a split ratio of 1:5 every 3 or 4 days. When a marked extension of the cytopathic effect (rounding of the cells) was observed in at least one culture, we started sampling for the HA assay from all cultures for each experiment. Thus, samples were taken on days 14, 21, and 28 when cell-associated JCVs were infected and on days 28, 35, and 42 when cell-free JCVs were infected. The cells were lysed and processed for the HA assay. As shown in Table 4 , the cells infected with five of the six cell-associated JCVs yielded HA, whereas the cells infected with three of the six cell-free JCVs yielded HA. In addition, the cells infected with cell-associated JCVs produced HA much earlier than those infected with the corresponding cell-free JCVs.
The related human polyomavirus BKV also shows HA activity (34) and is excreted in the urine of a small percentage of nonimmunocompromised individuals (22) . We therefore performed an indirect immunofluorescence assay to examine FIG. 3 . Immunofluorescence staining of COS-7 cells infected with urinary JCV with rabbit JCAb1 serum and fluorescein-labeled anti-rabbit immunoglobulin. JCAb1 is an antibody against a peptide of JCV capsid protein (VP1) without cross-reaction to BKV (6) . Cells infected with JCV from the urinary sediment containing cell-associated JCVs were plated onto a 13-mm-diameter coverslip and processed for immunofluorescence microscopy on day 15 after infection. Densely (D) and sparsely (S) distributed fluorescences are indicated (see text). Magnification, ϫ200. whether the virus produced in COS-7 cells after the infection with JCV from urine would react with a rabbit antiserum specific to JCV (6) . A typical result is shown in Fig. 3 . There were two classes of fluorescence-positive cells; fluorescent granules were densely distributed in the nuclei in the one type and sparsely distributed in the other. The implications of the different manifestations of fluorescence are not clear, although both types of fluorescence appeared to represent the JCV multiplication in nuclei (fluorescence of any type was not observed in uninfected COS-7 cells [data not shown]). Cells with fluorescence were detected for all of the infected cultures examined except those infected with U3. We amplified the 610-bp IG regions (8) from urinary JCVinfected COS-7 cells as well as from urine samples. These amplified IG regions were sequenced as described in Materials and Methods. Without exception, the IG sequences from the urine samples were identical to those from the COS-7 cells infected with JCV from the same urine samples, although there were variations in the IG sequences among the urine samples (Table 5) (Table 5 shows only nucleotides at positions where nucleotide differences were found among the urine samples). Therefore, the possibility that the viral growth after the infection with urine arose from contamination can be excluded.
Stability of the JCV regulatory region during the recovery of JCV from urine. Viral DNAs extracted from infected cell cultures producing HA (Table 4) were used to amplify the JCV regulatory region. The amplified fragments were cloned into pUC19, and the resultant 11 or 12 clones were examined for the sizes of inserts by agarose gel electrophoresis. All clones examined except those from U2-infected cells appeared to have the same size as the archetype regulatory region (data not shown). The sequencing of two or three representative clones revealed that these clones had the archetype regulatory region. Therefore, the archetype regulatory region is conserved during the recovery of JCV from urine.
By contrast, although a majority of the 11 clones derived from the U2-infected cells seemed identical to the archetype (2 representative clones of these were sequenced and found to have the archetype sequence), 3 clones had a slightly but significantly elongated regulatory region. The sequencing of these clones revealed that they had the insertion of a single nucleotide (A) between nucleotides (nt) 180 and 181 (the nucleotide numbers are those of CY [46] ) and the duplication of an 18-nt stretch (nt 201 to 218). This regulatory region was designated dp-1.
The dp-1 regulatory region may have been generated during the recovery of JCV in COS-7 cells. Alternatively, variant JCVs with these regulatory regions may have existed in the original urine sample and, together with archetype JCV, may have replicated in COS-7 cells. To distinguish between these possibilities, we amplified the JCV regulatory region from the U2 urine sample and cloned the amplified fragments into pUC19. One hundred forty resultant clones were screened for the presence of elongated regulatory regions. We detected two elongated clones, one of which was identical to dp-1. Therefore, we concluded that together with archetype JCV, a variant JCV with the dp-1 regulatory region was recovered in COS-7 cells. Since dp-1 occurred more frequently in the recovered JCVs (3 of 11) than in the original urine sample (1 of 140), JCV with dp-1 may have a higher growth capacity in COS-7 cells than archetype JCV.
One-step growth of archetype JCV in COS-7 cells. We infected COS-7 cells with various amounts of JCV recovered from urine. The infected cells were cultured in DMEM with 2% FBS and harvested on various days for the assay of output HA. Typical results are shown in Table 6 . The findings can be summarized as follows.
(i) In the cultures infected with 6 and 60 HAU, we detected a low level of HA (HA titer of 2) on days 1 to 3, but this low HA titer probably represents residual input viruses.
(ii) A high HA titer appeared on day 4 in the cultures infected with a large amount of virus (60 HAU); the HA titer, however, decreased remarkably on day 5, probably because of the detachment of infected cells from the surfaces of the culture flasks. In addition, significant HA titers were first detected on day 4 in the cultures infected with smaller amounts of viruses (0.6 and 6 HAU). Thus, we concluded that the one-step growth of archetype JCVs in COS-7 cells takes nearly 4 days.
(iii) High yields of progeny viruses were also obtained by 
The nucleotides shown are those at positions where differences were found among the urine samples. The nucleotide numbering is that of Frisque et al. (14) . JCV isolated from each urine sample had the same IG sequence as that found in each urine sample. infection with smaller amounts (0.6 and 6 HAU) of viruses followed by longer cultivation of the infected cells.
DISCUSSION
We showed that (i) a large amount of progeny JCVs was produced after the transfection of COS-7 cells with various cloned archetype JCV DNAs, (ii) the expression of SV40 T antigen was essential for the production of progeny in COS-7 cells, (iii) the archetype regulatory region was conserved in the progeny DNAs, (iv) most of the progeny DNAs did not undergo rearrangements outside the regulatory region, and (v) the progeny were transferred to fresh COS-7 cells. From these findings, we conclude that COS-7 cells expressing SV40 T antigen can support the efficient replication of archetype JCV. The possibility that the observed viral replication represents that of recombinant viruses containing the SV40 regulatory region derived from the integrated SV40 genome can be excluded.
Our conclusion seems to be straightforward, but an explanation for the DNA changes observed outside the regulatory region may be required. Size changes of restriction fragments were detected in significant percentages (4 to 33%) of the progeny JCV DNAs. However, similar degrees of heterogeneity have been observed for JCV DNAs when PML-type JCVs were serially cultivated in primary human glial cells (30) and in a human neuroblastoma cell line (IMR-32) (32) . Therefore, we consider that tissue culture-induced heterogeneity in the JCV DNA is an inevitable consequence of the genetic nature of JCV.
Daniel et al. (12) recently reported that an archetype JCV DNA induces a low level of replication of JCV in POJ cells. The replication of archetype JCV in POJ cells was detected by the continuous presence of faint hybridization signals during the incubation of transfected cells. Therefore, the replication of archetype JCV is far less efficient in POJ cells than in COS-7 cells. The COS-7 cell line was established by transforming a simian cell line (CV-1), derived from the kidney of an African green monkey, with an origin-defective mutant of SV40 (16) . The POJ cell line was established by transforming human fetal glial cells with an origin-defective mutant of JCV (27) . Thus, COS-7 cells constitutively express SV40 T antigen, while POJ cells constitutively express JCV T antigen. In addition, the parental cells of COS-7 and POJ differ in cell type and species. Some of these differences may be associated with the difference between these cell lines' capacities to support the replication of archetype JCV. For example, since it has been reported that SV40 T antigen is more active than JCV T antigen in the replication of JCV DNA in vitro (12) as well as in vivo (38) , JCV might have replicated more efficiently in COS-7 cells expressing SV40 T antigen.
It is remarkable that the archetype regulatory region is stable during the growth of JCV in COS-7 cells, since the archetype generates various PML-type regulatory regions by deletion and amplification during the persistence of JCV in patients (3, 9, 20, 21, 45, 46) . This discrepancy may be explained by the fact that transfected or infected COS-7 cells were cultured for weeks in this study, but this period is much shorter than the persistence of archetype JCV in human hosts.
For the first time, we succeeded in recovering archetype JCV from urine by viral culture. We confirmed the identity between JCVs occurring in the original urine and those recovered in COS-7 cells. First, we found the identity of 610-bp IG sequences between the two JCVs, although they varied among urine samples. Thus, the possibility that viral growth after infection with urine arose from contamination can be excluded. Second, we showed that the archetype regulatory region was conserved during the recovery of JCV from urine. Although an elongated regulatory region (dp-1) was found in the recovered JCVs, this regulatory region was also present in the original urine sample. Thus, we concluded that the JCVs recovered by using COS-7 cells faithfully reflect those occurring in urine.
COS-7 cells supported the replication of Mad-1 (a strain with a PML-type regulatory region) (14) as well as JCV with the dp-1 regulatory region. These findings imply that JCV with various rearranged regulatory regions can replicate efficiently in COS-7 cells. Therefore, COS-7 cells may also be used for the isolation of PML-type JCVs from the brains of PML patients and for the isolation of new polyomaviruses from various primates.
Archetype JCV in urine has been detected as a distinct viral DNA (1, 4, 13, 17, 28, (44) (45) (46) . However, since JCV DNA was recovered from the virion fraction, it was thought that JCV virions, rather than naked DNAs, are excreted in urine (22) . In this study, we found that urinary JCV is indeed infectious. However, this infectivity of urinary JCV was dependent on the presence of SV40 T antigen synthesized from the integrated SV40 DNA. The present study demonstrated that urinary JCV can interact with receptors on the surface of cells and can penetrate into the cells. The reason for this is obvious; if JCV is not adsorbed to cells and does not penetrate into them, subsequent events in the viral replication cycle, including viral DNA replication regulated by T antigen, would not occur.
The life cycle of JCV in hosts very likely involves the following sequence of events: the entry of JCV into the body with multiplication at the site of entry, viremia with the transport of JCV to the target organ, and viral persistence in the target organ with urinary excretion of progeny. The details of each event remain to be elucidated. However, we recently demonstrated that the target of JCV persistence is the renal tissue (24) . The present results further show that urinary JCV is the most likely source of infection. However, the natural cells for entry that can support JCV replication remain to be identified.
